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ABSTRACT
Domestic legislation related to mining in the marine 
environment does not address deposits of polymetallic 
sulfide minerals, particularly with respect to their 
location and definition. With minor amendment however, the 
Deep Seabed Hard Mineral Resources Act, enacted to provide 
a legal regime for mining deposits of manganese nodules, 
can provide a legal framework in which the mining of 
polymetallic sulfides can occur.
Past environmental studies on prospective seabed mining 
sites had shortcomings which prevent the results from being 
applied to environmental settings where deposits of 
polymetallic sulfides are found. An environmental research 
program, coordinated by the Department of Interior, should 
be established to provide baseline information against 
which the future environmental effects of mining can be 
measured. Also, such information will be useful for the 
preparation of environmental impact statements prior to 
mining activities.
RECOMMENDATIONS FOR AMELIORATION OF LEGAL AND 
ENVIRONMENTAL CONCERNS ABOUT MINING OF 
DEEPSEA DEPOSITS OF POLYMETALLIC SULFIDES
INTRODUCTION
During the 1970s, most attention and interest in marine 
minerals focussed on deep seabed deposits of manganese 
nodules. Today, scientists have focussed attention on 
another mineral deposit located on the deep seabed, 
polymetallic sulfides. Polymetallic sulfides are minerals 
which have precipitated from aqueous effluent as a result 
of submarine hydrothermal or volcanic activity.
Hydrothermal vents, through which aqueous solutions of 
sulfide-rich minerals are discharged, are interesting in 
several respects. Exotic biological communities are 
associated with hydrothermal upwelling on the seafloor. 
Vents also play an important role in the formation of new 
crustal material and are located near volcanic activity 
along seafloor spreading centers. Also, deposits of 
polymetallic sulfides located near vents contain some 
minerals considered of strategic importance to the economy 
and defense of the United States.
Considerable scientific, governmental, and industrial 
interest has been generated from discoveries of deposits of 
deep seabed sulfides. Scientific interest lies in the 
processes which form these deposits and the important role 
these processes may have with respect to crustal evolution,
2the formation of ore bodies and the vent biota.
Governmental interest stems from the presence of strategic 
minerals in deposits of deep seabed sulfides and the 
potential environmental effects of future mining 
activities. Interest in these deposits from the private 
sector relates to their potential as a profitable 
resource and their importance for locating analogous 
deposits on land.
The broad interest expressed in deposits of marine 
polymetallic sulfides as a potential commercial resource 
and as the subject of scientific investigation raises a 
number of issues with respect to the future mining of these 
potential resources, particularly legal and environmental 
issues. One issue is a question of jurisdiction. Deposits 
of marine polymetallic sulfides are neither identified nor 
defined in domestic legislation or international 
agreements. Current jurisdiction over marine mineral 
resources, such as oil and gas, is related directly to the 
location of the deposits. That is, whether they are 
located on the continental shelf or deep seabed, and 
whether they are found within or beyond limits of exclusive 
resource jurisdiction. Existing marine mineral statutes 
require examination to determine whether the potential 
mining of marine polymetallic sulfides will require 
legislative action. In other words, does a domestic and/or 
international legal regime exist under which mining can 
take place?
3An additional issue concerns the environmental effects of 
potential mining activities. Can the existing body of 
environmental law adequately protect the marine environment 
from the potential adverse effects of mining activities?
As part of this thesis, the existing body of marine mining 
legislation, Law of the Sea Convention, and the nature and 
location of deposits of deep seabed polymetallic sulfides 
will be analyzed to develop recommendations for the 
establishment of a legal framework for U.S. miners. Also, 
a determination of how and what type of environmental 
studies to conduct will be made.
Thus, the objectives of this study are:
1. Determine the scope of research to assess the 
environmental effects of mining activities on the 
biological communities associated with hydrothermal 
vent systems.
2. Assess the national statutory measures and 
international agreements (namely the Law of the Sea 
Convention) affecting the potential mining of deep 
seabed, polymetallic, sulfide minerals.
3. Examine alternate systems which may provide 
miners with a property rights system or security of 
tenure for the potential mining of deep seabed, 
polymetallic, sulfide minerals in domestic and 
international seabed areas.
4. Make recommendations which will enable U.S. 
miners to secure property rights to deposits of 
polymetallic sulfides on the deep seabed.
BACKGROUND
Geological
Deposits of marine, polymetallic sulfide minerals are 
generally associated with centers of seafloor spreading 
or rift zones--geologically active areas of the ocean floor 
where new seafloor is being created. Although recent 
discoveries of vent systems have been reported from 
shallower depths on the outer continental shelf (Brooks et 
al., 1985; W. Pearcy, personal communication, 1985), this 
study is limited to those deposits of polymetallic sulfides 
associated with deep-ocean rift zones.
Until recently, the existence of deposits of polymetallic 
sulfides on the deep seabed was an unproven theory.
Seafloor spreading and hydrothermal vent upwellings were 
initially postulated in the 1960Ss by scientists who 
speculated that minerals from the earth’s crust may be 
deposited along mid-ocean rift zones (Vine, 1966;
Heirtzler, 1968; Hurley, 1968; Le Pichon, 1968).
One of the earliest indications of active hydrothermal 
mineralization in the ocean was the discovery of high 
temperatures and salinities in the bottom waters of the Red 
Sea (Bruneau et al., 1953). In 1966, an expedition to 
parts of the Red Sea's axial valley confirmed the 
occurrence on the seafloor of metalliferous sediments and
4
5brines (Degens and Ross, 1969).finding fine particles of 
polymetallic sulfide minerals disseminated in the viscous 
bottom muds of the Red Sea. The Red Sea's manifestations 
of the sulfide mineralization process were considered 
unique until the discovery of hydrothermal mineralization 
on the seafloor at the East Pacific Rise (Francheteau et 
al., 1979). Since this discovery, the discovery of other 
occurrences of hydrothermal upwellings has increased 
markedly. Deposits of polymetallic sulfide minerals are 
now known to occur at two other sites on the East Pacific 
Rise (Francheteau et. al., 1979; Hekinian et al., 1980; 
RISE Project Group, 1980), two regions on the Galapagos 
Rift (Malahoff, 1982), and at the Juan de Fuca Rift off the 
coast of Oregon (Normark, 1981). More recent explorations 
have reported evidence of hydrothermal mineralization in 
basalts at numerous locations on the mid-Atlantic Ridge and 
the Carlsberg Ridge in the Indian Ocean (Rona, 1986).
These discoveries have proven the scientific postulates of 
the 1960s regarding seafloor spreading and hydrothermal 
upwelling.
Global distribution of hydrothermal activity and 
polymetallic sulfide deposition is a function of the nature 
and rate of volcanic processes along the world rift system 
(Malahoff, 1985). Differences in the nature and rate of 
these processes are reflected in differences in the form 
and composition of sulfide deposits along the global rift 
system. To date, the full extent of the deposits is
6not known. Figure 1 illustrates the location of known 
deposits of these minerals on the deep seabed.
Much of the geological interest in deposits of polymetallic 
sulfides relates to the dynamic processes which form the 
deposits and their role in crustal evolution. The 
mineralization process involves the interaction of ocean 
water with molten rock. Rona (1986) provides a good 
description of this process (Figure 2):
Seawater penetrates downward to a depth of several 
kilometers through fractured crust containing various 
metals. Heat from an underlying magma chamber causes the 
water to expand and to rise convectively. The heated water 
dissolves a number of elements, including metals, from the 
rock and loses a few elements. Additional metals may come 
from the magma chamber and the underlying mantle, along 
with helium and possibly methane gas. In porous systems 
fresh seawater penetrates downward and mixes with the 
upwelling hot, metal-rich solutions, triggering the 
precipitation of metals as sulfides in the crust; metals 
remaining in solution are deposited on the seafloor from 
hot springs. In non-porous systems, the solutions 
discharge directly into hot springs that deposit sulfides 
on the seafloor.
Edmond and Von Damm (1982) and Hekinian et al. (1983) 
suggest that the superheated water with elements in 
solution is trapped beneath the surface of new oceanic 
crust and exits to the surface only where the crust has 
cracked. When the superheated water (300 to 400 C) 
encounters oceanic water at ambient temperature of 2 C, 
immediate cooling of the heated water takes place, 
followed by chemical reactions where minerals form either 
within the crust or through the action of vents (Malahoff, 
1985. )
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Location of known submarine deposits of polymetallic sulfide 
minerals.
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circulation system.
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9The mineral precipitates accumulate to form sulfide 
chimneys around the hydrothermal vent (Haymon, 1983).
To date, massive deposits of sulfide minerals have been 
found on ridge crests with medium (5 to 9 centimeters per 
year) and fast (9 to 16 centimeters per year) spreading 
rates (Malahoff, 1985). Rona (1986) however, indicated the 
presence of hydrothermal activity and polymetallic sulfides 
along the mid-Atlantic Ridge, a slow spreading center. 
Submersible investigations at this site are scheduled for 
the summer of 1986 and will attempt to confirm further 
Rona’s reports.
Chimneys ranging from a few centimeters to 30 meters in 
height and up to 10 meters in width have been observed 
(Malahoff, 1982). At a site near the Galapagos Islands, 
Malahoff reported the chimneys have coalesced and some of 
the minerals have been redeposited resulting in a massive 
deposit of sulfides estimated to be 30 meters thick, 200 
meters wide, and greater than 700 meters in length. In 
several locations, the chimneys remain active, spewing 
white, milky water containing iron sulfide, barium sulfate 
and silica, or black water laden with sulfide precipitates 
(RISE Project Group, 1980). Although deposition rates are 
highly speculative, some of the chimneys that have been
10
observed are immense and the vents are thought to be 
relatively short-lived (several decades) which implies 
rates of rapid deposition (Edmond and Von Damm, 1982; 
Hekinian et al. , 1983). Mineral precipitates formed at the 
vent sites are heterogeneous in their composition and 
mineralogy and include a variety of sulfides, sulfates, 
oxides, and silicates (Edmond, 1981). Edmond and Von Damm 
(1982) reported the solutions exiting the vents at the 
East Pacific Rise contain iron, manganese, copper, zinc, 
and traces of lead and silver. Table 1 indicates the 
concentration of some minerals associated with hydrothermal 
systems from several sites.
Malahoff (1985) stated that all polymetallic sulfides 
whether recovered by dredge, submersible, or land-based 
mines, have one chemical characteristic in common: although 
diverse in metallic content, the chemistry of these mineral 
deposits is very simple--all the principal components of 
the mineral body are metallic sulfides. Therefore, sulfur 
may account for as much as 40 percent of the content, iron 
for about 20 percent, and zinc up to 20 percent, with the 
remainder composed of trace metals (Table 1).
After deposition, the sulfide deposits and their underlying 
crust are moved laterally away from the rift as a result of 
the action of seafloor spreading (Malahoff, 1985).
TABLE 1
_____________ Metals in percent by weight__________
Zinc Copper Lead Cobalt Manganese Gold
Area_______________________________________________________________ (ppm)
Juan de Fuca 55 0.35 0.32 300
Guaymas Basin 30 1.0 0.1 300
E. Pacific Rise 50 0.75 0.35 0.1 0.5
Galapagos Rift 0.1 10.0 0.1 0.1 1.0 300
Red Sea 35 4.5
Metals associated with several deposits of polymetallic sulfides 
(Hekinian, et al., 1980; Malahoff, 1982).
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Biological
One of the most intriguing findings associated with the 
discovery of hydrothermal vents is the presence of unique 
animal communities which colonize the area surrounding the 
vents. These communities exhibit unique characteristics 
related to their source of food, growth, and method of 
dispersal.
Large clams, mussels, and worms were first discovered at 
hydrothermal vents in 1977. These animals are exceptions 
to the rule that life generally depends directly or 
indirectly on the sun (Grassle, 1983). Primary production 
of food for these vent animals occurs by microbial 
chemosynthesis using energy from the reaction of sulfides 
and other reduced compounds in heated seawater (Jannasch 
and Wirsen, 1983; Karl et al., 1980; Ruby et al., 1981). 
Vent animals are the only animals known to thrive on 
chemosynthetic products derived from volcanic energy.
Some of the most interesting findings reported in the 
literature to date concern rates of metabolism and growth, 
Over much of the deep sea, metabolic rates and growth rates 
are often low (Grassle, 1977). These low rates are 
associated with relatively stable habitats low in food 
availability (Smith, 1985). For rates of growth, studies 
on vent animals have been limited to molluscs or those vent 
organisms which preserve a record of their growth within
13
their shell (Lutz et al., 1985). To date, growth rate 
estimates for two species of bivalves are within the range 
normal for shallow-water relatives (Lutz et al., 1985; 
Childress and Mickel, 1982; Rhoads et al., 1981) and are 
several orders of magnitude higher than those reported for 
bivalves inhabiting typical deep sea habitats (Lutz et al., 
1985). Age estimates of Roux et al. (1985) and Rhoads et 
al.(1981) for the oldest individuals in two populations of 
bivalves on the Galapagos Rift are 22 and 23 years 
respectively. Roux (1985) also suggested that the large 
size of vent bivalves does not appear to be the consequence 
of fast growth rates, but perhaps related to an abundant 
food supply.
According to Smith (1985) and Childress and Mickel (1985), 
food supply is not the primary determinant of the metabolic 
rates for pelagic or benthic individuals at vent sites. 
These authors have shown that the metabolic rate and growth 
of benthic animals at vent sites is similar to that of 
surface-dwelling species, when thermal differences are 
taken into consideration. As for pelagic species,
Childress and Mickel suggested that reduced muscle power, 
which evolved in response to shorter distances involved in 
predator-prey interactions, accounts for their lower 
metabolic rates.
14
Lutz et al. (1985), Van Dover et al. (1985) and Turner et 
al. (1985) have investigated questions concerning how vent 
communities maintain populations at geographically isolated 
sites in the deep sea and how these communities provide 
adequate dispersal to ensure colonization of new vents.
Van Dover et al. (1985) and Berg (1985) report a variety of
reproductive strategies for the dispersal of animals among 
deep sea vent habitats. Berg believes there is no typical 
vent-related suite of reproductive tactics for the 
molluscan fauna. He reports that clams produce large 
numbers of lecithotrophic eggs which may develop in egg 
capsules, mussels produce large numbers of small eggs which 
develop planktotrophic larvae, and gastropods exhibit a 
lecithotrophic larval stage with some encapsulated 
development. Van Dover et al., 1985) determined the mode 
of larval development for four species of decapod 
crustaceans. Two species, a caridean shrimp and brachyuran 
crab have planktotrophic larval development. The other two 
species, both squat lobsters, have lecithotrophic larvae.
From investigations on molluscs, Turner et al. (1985)
conclude that no unique adaptations exist for molluscs 
living in transient, patchy centers of nutrition in the 
deep sea. The authors believe survival of the species may 
stem from broad temperature tolerance of the larvae, 
increased length of larval life with drops in temperature 
should the vents cease activity or the larvae be carried 
away, and the ability of newly settled young to grow 
rapidly to sexual maturity.
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Economic/Resource
Some of the metals contained in deposits of polymetallic 
sulfides are considered strategic to the economy and 
defense of the United States (Table 2). Cobalt, used in 
the manufacture of aerospace equipment and chemical 
catalysts, is a strategic metal contained in these 
deposits. Yet more than 90 percent of U.S cobalt supplies 
are imported from politically unstable areas.
Assays of mineral samples from deposits of polymetallic 
sulfides (Table 2) have identified a host of other minerals 
and metals in a range of concentrations including iron, 
lead, zinc, copper, silver, gold, manganese, platinum, and 
vanadium. Table 3 compares the concentrations of several 
of these metals with the average ore grade of land deposits 
mined today. As Table 3 illustrates, the grade of the 
chimney metals is comparable to that of many ancient 
massive sulfide deposits on land.
The value of continuing investigations on deposits of deep 
seabed polymetallic sulfides lies not only with their 
importance to the geochemical cycle of the oceans and the 
evolution of new crustal material, but the importance these 
deposits may have for understanding the generation of ore 
deposits as well as their role as models which may be used 
to discover analogous deposits on land. Analogies can be 
drawn between old ore bodies on land and the mineralization
TABLE 2
Metal Application
Percentage 
of Supply 
Imported
Major Sources of 
U.S. Supply 
(1978-1981)
Cadmium
Cobalt
Manganese
Platinum
Silver
Tin
Vanadium
Zinc
Coatings, platings, 69
batteries.
Aerospace. 91
Steel. 99
Catalysts, Electrical, 85
Dentistry, Medicine.
Photography, Electrical. 59
Coatings, Solders, 72
Pipes, Transportation.
Steel alloy agent, 14
Chemical catalysts.
Galvanizing, Brass, 53
Castings.
China, Peru, Chile
Zaire, Zambia
South Africa, Brazil
South Afica, Soviet 
Union
Canada, Mexico 
Bolivia, Indonesia
South Africa, Chile
Canada, Peru, Spain
U.S. net import reliance for selected metals found in deposits 
of polymetallic sulfides (Congressional Research Service, 1981).
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TABLE 3
Percentage by Volume
Metal Marine Deposits Land Deposits
Copper 0.3-10.0 1.2-28.8
Cobalt 0.1 0.1-0.5
Manganese 0.03-0.3 5.0-30.0
Zinc 0.1-54.0 0.1-25
A comparison of major concentrations of metals located in 
submarine deposits of polymetallic sulfides with the average ore 
grade of deposits mined on land today (U.S. Bureau of Mines, 
1985) .
17
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processes occurring on the seafloor today. Sawkins (1982) 
has interpreted a number of sedimentary deposits formed 
between 750 and 1,500 million years ago as the product of 
metal-rich hot springs discharging in settings like that of 
the Guaymas Basin. The deposits include ore bodies in 
British Columbia and Australia. Rona (1986) reports that 
conditions conducive to ore-forming, hydrothermal 
convection systems on the seafloor prevailed 2.6 and 2.7 
billion years ago in rocks now exposed in the Canadian 
Shield of eastern Canada where more than 80 deposits of 
copper-zinc sulfides are known to have formed during this 
period. Analogies such as these indicate that deposits of 
deep seabed polymetallic sulfides may prove to be a 
valuable resource in the future. In order to govern 
development of these minerals in U.S. and international 
seabed areas, a legal and regulatory regime must be 
delineated which also addresses environmental concerns.
19
Legal/Environmental
A complex set of laws, conventions, and proclamations has 
evolved over the years to establish a management system for 
the ownership, environmental protection and mining 
(primarily hydrocarbons) of the seafloor. These include 
the Truman Proclamation of 1945 (Presidential Proclamation 
No. 2667), Outer Continental Shelf Lands Act of 1953 (43 
USC, 1331 et seq.) as amended in 1978 (43 USC,
1801-1866), the 1958 Convention on the Continental Shelf 
(U.S. Government Printing Office, 1964), Mining and 
Minerals Policy Act of 1970 (30 USC 21a), Deep Seabed Hard 
Mineral Resources Act of 1980 (30 USC 1401), 1982 Law of 
the Sea Convention (United Nations, 1982), and the 1983 
Reagan Proclamation on the Exclusive Economic Zone 
(Presidential Proclamation No. 5030). Each of these laws 
will be discussed later with respect to their application 
to the mining of deep seabed polymetallic sulfides.
Important environmental considerations for prospective deep 
seabed mining are provided by the National Environmental 
Policy Act of 1969 (42 USC 4321-4347), Marine Mammal 
Protection Act of 1972 (16 USC 1361, 1362, 1371-1384, 1401- 
1407), Endangered Species Act of 1973 (16 USC 1531-1543), 
Clean Water Act of 1977 (33 USC 1251-1367), and the Marine 
Sanctuaries Act of 1972 (16 USC 1431-1434).
20
Most of the applicable information on environmental 
research conducted on prospective deep seabed mining sites 
stems from two government-sponsored efforts: the Outer 
Continental Shelf Environmental Assessment Program (OCSEAP) 
and the Deep Ocean Mining Environmental Study (DOMES). 
OCSEAP, a continuing investigation, monitors the effects of 
oil and gas exploration and leasing activities on the 
marine environment. The DOMES program was a five-year 
effort to predict the environmental effects of mining 
deposits of manganese nodules on the deep seabed.
Conducted from 1975 to 1980, DOMES concluded that no 
significant adverse environmental effects are produced by 
the experimental mining systems developed for manganese 
nodules at that time (Blackburn, 1976; Anderson, 1978; 
Hanson et al., 1982; NOAA, 1982). Neither OCSEAP nor DOMES 
provide adequate information to assess the potential 
environmental consequences resulting from mining deposits 
of polymetallic sulfides.
Broadus and Bowen (1984) presented a research strategy to 
address the scientific and commercial questions concerning 
hydrothermal vents and deposits of polymetallic sulfides. 
They worked from the point of view of degree of geographic 
concentration, time, extent to which the research is 
centrally designed and directed, and the scope of partici­
pation in the execution of the research. They also 
addressed the issue of resource jurisdiction and stated 
that most known deposits of polymetallic sulfides are
21
within areas of national jurisdiction of other nations.
This fact may inhibit access to vent sites for U.S. 
scientists and miners.
Although there are a plethora of publications which discuss 
the general question of resource use within and beyond 
areas of national jurisdiction, Broadus and Bowen 
specifically addressed the legal and/or policy implications 
for the potential deep seabed mining of deposits of 
polymetallic sulfides. However, the authors restricted 
their paper to a discussion of some of the legal issues 
concerning the mining of marine polymetallic sulfides and 
provide no recommendations for governing recovery of these 
potential resources. Most other studies focussed on the 
economic potential of deposits of polymetallic sulfides 
(Bischoff et al., 1983; Broadus and Bowen, 1983; U.S.
Dept, of Interior, 1983; Broadus, 1984).
Duane (1982) outlined a five-year research program to 
coordinate investigations by the National Oceanic and 
Atmospheric Administration (NOAA) on deposits of 
polymetallic sulfides. This program includes assessment of 
the resource, development of monitoring technology, 
identification of environmental indicators, and regulation 
required to support mining activities. Hammond (1985) has 
refocussed Duane's proposal to concentrate NOAA's research 
effort on the definition and quantification of the 
chemical, physical, and geological processes associated 
with the venting of hydrothermal fluids.
22
Current NOAA studies of hydrothermal venting are being 
conducted on the Gorda and Juan de Fuca Ridges.
DISCUSSION
National Statutes and International Agreements
Jurisdiction over mineral deposits on the seafloor is 
generally defined in terms of distance from the coast or in 
terms of depth. Thus, a discussion of a legal regime to 
govern the mining of deposits of polymetallic sulfide 
minerals should consider their location and depth.
Deposits of these minerals have been found at water depths 
ranging from 2,000 to 3,000 meters. To date, deposits have 
been identified at the following locations: Galapagos Rift, 
Red Sea, East Pacific Rise, western coast of Mexico,
Guaymas Basin, and the Gorda-Juan de Fuca Ridge system off 
the northwestern coast of the United States (see Figure 1). 
Some of these deposits fall within the jurisdiction of a 
coastal state (as in coastal nation). One site is within 
the jurisdiction of the United States--the Gorda-Juan de 
Fuca Ridge system.
Obviously, coastal states rely on domestic legislation to 
regulate mining within their jurisdiction and on 
international agreements to govern the mining of deposits 
on the international deep seabed. What is not so obvious 
is how and where the boundary line is drawn between areas 
of coastal state sovereignty and areas of international 
seabed or areas of the high seas.
23
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International Agreements
On the international scene, the 1958 Law of the Sea 
Conference produced four conventions. These are the 
Territorial Sea Convention, High Seas Convention, Fisheries 
and Conservation Convention, and the Convention on the 
Continental Shelf (U.S. Government Printing Office, 1964). 
Although the International Law Commission which drafted 
these conventions did not develop a legal regime to govern 
use of the seabed, the Convention on the Continental Shelf 
defined a boundary within which coastal states can exercise 
sovereign rights over the continental shelf for the 
exploration and exploitation of natural resources. 
Specifically, the convention defines the shelf as:
"the seabed and subsoil of the submarine areas 
adjacent to the coast, but outside the area of 
the territorial sea, to a [water] depth of 200 
meters or, beyond that limit, to where the depth 
of the superjacent waters admits of the exploita­
tion of the natural resources of the said area..." 
(U.S. Government Printing Office, 1964).
This so-called "exploitability clause" in the 1958 
convention grants coastal states the right to claim as much 
of the continental shelf as they are capable of exploiting. 
Under this formula, jurisdiction extends beyond the 200- 
meter isobath to any resource on or under the continental 
shelf which can be exploited. According to this 
convention, the continental shelf bears no relation to the 
physiography of the seafloor. Rather, the shelf boundary
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is limited by technology. For example, should the 
capability to mine resources advance to a depth of 3,000 
meters, the outer boundary of the continental shelf could 
be extended to this depth. Under this definition, the 
legal continental shelf seldom coincides with the physical 
continental shelf.
Both the exploitability test and the 200-meter depth test 
present problems. If the exploitability test is carried to 
the extreme, conceivably the continental shelf could cover 
the entire ocean bottom. As for the depth test, 
depressions within the 200-meter isobath could be 
considered a part of the continental shelf.
In 1960, the Second Law of the Sea Conference attempted to 
resolve the issue of territorial sea boundaries which was 
not resolved from the 1958 conference. The conference 
failed to approve a proposal to expand the territorial sea 
from 3 to 6 nautical miles and a contiguous fishing zone of 
equal distance. This second conference neither clarified 
nor refined the definition of the continental shelf as 
stated in the 1958 convention.
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A third conference on the Law of the Sea (LOS) began in 
1973 in response to commercial interest in deposits of deep 
seabed manganese nodules. However, the conference aimed to 
develop a legal regime for the management of all ocean 
uses. A number of issues relevant to mining on the deep 
seabed were considered by this conference such as the 
breadth of the territorial sea and continental shelf; 
mineral resources of the seabed; the establishment of 
exclusive national economic zones; and the structure and 
procedures for international management and control of 
mining activities on the deep seabed beyond national 
jurisdiction. This last issue produced much debate and 
controversy over who would control access to minerals on 
the deep seabed. The United States favored a regime that 
authorized mining by private enterprise under much the same 
mineral law as in the past— to exact rent and royalties 
from mining companies benefitting from the profits. 
Conversely, a group of undeveloped nations favored the 
establishment of an international seabed authority to 
control mining operations, conduct its own mining, and to 
share the profits with the less-developed nations.
The LOS Convention adopted in 1982 after almost a decade of 
conference activity drops the exploitability clause 
contained in the 1958 Convention on the Continental Shelf 
and places a distance and sediment test to determine the 
outer edge of the continental shelf. Article 76(1) of the 
LOS Convention states:
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"The continental shelf of a coastal state 
comprises the seabed and subsoil of the 
submarine areas that extend beyond its 
territorial sea throughout the natural 
prolongation of its land territory to the 
outer edge of the continental margin, or to 
a distance of 200 nautical miles from the 
baseline from which the breadth of the 
territorial sea is measured where the outer 
edge of the continental margin does not extend 
up to that distance."
In areas where the continental shelf does not extend to 200
nautical miles, the jurisdiction of a coastal state extends
to that distance by virtue of Article 57 which states:
"The exclusive economic zone shall not extend 
beyond 200 nautical miles from the baseline 
from which the territorial sea is measured."
Under this test, a coastal state could mine deposits of
polymetallic sulfides beyond the shelf but within 200
nautical miles of the baseline for the territorial sea
without any international requirements including that of
revenue sharing. Mining activities beyond this zone are
subject to international revenue sharing according to the
Convention.
In March 1981, the Reagan Administration commenced a 
reevaluation of the LOS Convention because of its 
objections to certain provisions of the treaty text. 
Specifically, the Administration objected to:
1) Mandatory technology transfer.
2) Lack of a strong U.S. role in the decisionmaking 
process of the international seabed authority.
3) Lack of assured access for future seabed miners 
to deposits of deep seabed minerals.
4) The potential for national liberation movements 
to share in the revenues from seabed mining.
5) A treaty review process which permits future 
amendment of the treaty without U.S. approval.
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As a result of this review, the Administration decided not 
to become a signatory to the convention signed on December 
10, 1982. The President's rationale was that the treaty 
was economically unrealistic and not in the nation's best 
interest. The position of the U.S. is that exploration and 
exploitation of the deep seabed, beyond areas of national 
jurisdiction, is a freedom of the high seas enjoyed by all 
nations. For U.S. miners then, no restraints exist for 
mining deposits of polymetallic sulfides other than those 
which apply generally to the high seas and the exercise of 
freedoms of the high seas.
As a nonsignatory, the United States has indicated its 
intent to develop a mining industry on the deep seabed 
based on the Deep Seabed Hard Mineral Resources Act of 
1980. This act differs in several respects from the 
provisions of the LOS convention as to how the boundaries 
for mining the deep seabed are delimited and is discussed 
in the following section.
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National Statutes
The United States made the first generally recognized 
assertion of jurisdiction over continental shelf resources 
through the Truman Proclamation on the Continental Shelf 
(1945) and subsequent Proclamation on Living Resources.
The proclamation on the continental shelf stated that the 
natural resources of the subsoil and seabed of the U.S.'s 
continental shelf are subject to the jurisdiction and 
control of the United States (U.S. Code Congressional 
Service, 1945). In 1953, the Outer Continental Shelf Lands 
Act further defined the U.S. outer continental shelf (OCS) 
as the "subsoil and seabed that appertains to the United 
States and are subject to its jurisdiction and control" (43 
USC, 1331 et seq.). This act served to implement the 
Truman Proclamation and provided authority for the 
Department of the Interior to regulate oil, gas, and sulfur 
resources on the U.S. continental shelf and to lease areas 
on the OCS for any minerals other than oil, gas and sulfur.
Only one provision of the act applies to minerals other 
than oil, gas, and sulfur. Section 8(k) can be interpreted 
to apply to deposits of polymetallic sulfides. This 
section states:
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"The Secretary [of the Interior] is authorized 
to grant to the qualified persons offering the 
highest cash bonus on a basis of competitive 
bidding, leases of any mineral other than oil, 
gas, and sulfur in any area of the Outer 
Continental Shelf not then under lease for such 
mineral upon such royalty, rental, and other 
terms and conditions as the Secretary may 
prescribe at the time of offering the area for 
lease."
In this provision, the location of deposits and the 
interpretation of outer continental shelf are the tests for 
determining whether polymetallic sulfides at deep seabed 
areas can be governed by the act. The Department of the 
Interior believes deep seabed deposits are covered by the 
act.
In a December 8, 1982, Federal Register Notice, the 
Minerals Management Service (MMS) stated that the subsoil 
and seabed of the areas of the Gorda-Juan de Fuca Ridge 
system, west of the states of Oregon and Washington, 
contain deposits of polymetallic sulfides at a water depth 
which can be exploited (General Services Administration,
1982). This is an application of the exploitability test 
contained in the 1958 Convention on the Continental Shelf. 
In a subsequent notice (General Services Administration,
1983), the MMS clarified the earlier notice by stating that 
the authority of the Department of the Interior would not 
apply beyond 200 nautical miles from the U.S. territorial 
sea baseline, at least until after a study could be 
completed on the limits of U.S. OCS jurisdiction. This
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latter statement in turn uses the distance formula of the 
LOS Convention for establishment of the continental shelf 
boundary. This can be considered a clear extension of U.S. 
jurisdiction over polymetallic sulfides beyond the geologic 
continental shelf. In the context of the location of the 
deposits of polymetallic sulfides on the U.S. continental 
shelf then, the OCS Lands act may be used to assert 
jurisdiction over polymetallic sulfides. This is a new 
application of the OCS Lands act. Because the act evolved 
in response to the growth of the offshore oil and gas 
industry, it has been used primarily in the context of 
those two resources.
Phosphorite mining and the recovery of sand and gravel 
resources represent two cases where the act has been used 
to authorize the recovery of minerals other than petroleum. 
However, the OCS Lands act is not well-suited for the 
development of mineral deposits which are yet to be proven 
resources, such as polymetallic sulfides. The OCS leasing 
process requires large capital outlays, the payment of 
royalties, and the performance of diligence requirements 
(the conditions and timetable set for industry activities 
subsequent to leasing). This particular system works well 
for a mature, offshore mining industry such as that which 
exists for oil and gas. This is primarily due to the 
available mining technology, many years of operating 
experience, well-characterized resources and knowledge of 
how they are formed, and the availability of capital from
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large offshore operations.
On the other hand, major industrial investments will be 
necessary to assess deposits of polymetallic sulfides as 
potential mineral resources, to develop the technology for 
mining these deposits, and to address the environmental 
concerns of a unique habitat unknown to science prior to 
1977. Also, future miners of polymetallic sulfides do not 
have the benefit of operating experience as do oil and gas 
miners. This lack of operating experience can be costly 
should problems arise with the technology and extraction 
techniques developed for deposits of deep seabed sulfides.
Mining deposits of polymetallic sulfides will involve 
considerable financial risk, a risk that can heighten with 
fluctuating market conditions and an unstable legal regime. 
These risks are not addressed by the OCS Lands act. What 
the act does provide is an adequate definition of minerals 
which can be interpreted to include deposits of poly­
metallic sulfides, and limited jurisdiction over deposits 
located on the U.S. continental shelf. Limited 
jurisdiction occurs because the act does not define the OCS 
in terms of a geologic limit (Figure 3). Rather, the act 
provides a legal definition for the continental shelf:
"all submerged lands subject to its 
...jurisdiction and control."
With the establishment of a 200 nautical mile exclusive 
economic zone, the OCS Lands act can be applied to all
FIGURE 3
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mineral deposits within the zone. The exclusive economic 
zone (EEZ) was proclaimed by President Reagan in 1983 
(Figure 4). As it applies to deposits of polymetallic 
sulfides on the deep seabed, the proclamation reserves the 
right for the United States to explore, exploit, conserve, 
and manage the resources within the EEZ. The EEZ is 
defined as being contiguous to the territorial sea and 
extending to a distance of 200 nautical miles from the 
baseline from which the breadth of the territorial sea is 
measured. Its significance is that resources once managed 
by the United States within this zone now fall under the 
sovereign jurisdiction of the nation--the resources are now 
owned by the U.S. The EEZ falls within the guidelines for 
establishment of exclusive economic zones as stated in the 
LOS Convention.
One problem arises with respect to the establishment of the 
EEZ. Depending on whether a deposit of deep seabed 
minerals is located within or outside the newly established 
resource zone, either of two federal agencies can regulate 
mining activities of the deposits. The Departments of 
Commerce and Interior, on the basis of the Deep Seabed Hard 
Mineral Resources act and the OCS Lands act respectively, 
can regulate mining activities on certain areas of the deep 
seabed. Table 4 illustrates the divided responsibility for 
governing mining on the deep seabed.
FIGURE 4
Exclusive economic zone of the United States (National Advisory 
Committee on Oceans and Atmosphere, 1984).
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TABLE 4
___________Area____________
On the OCS Within the EEZ
On the OCS Beyond the EEZ
On the Deep Seabed Within 
the EEZ
On the Deep Seabed Beyond 
the EEZ
Responsible Federal Agency
Polymetallic
Sulfide Other
Minerals Minerals
Interior Interior
Interior Interior
Interior None
None Commerce
Federal responsibility for mining activities in the marine 
environment.
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Of the domestic and international laws mentioned so far, 
the Deep Seabed Hard Mineral Resources Act appears to be 
the statute of greatest relevance to the mining of 
polymetallic sulfides by public or private entities of U.S, 
nationality. Initially, the Deep Seabed Hard Mineral 
Resources Act was signed into law as a temporary measure to 
govern deep seabed mining in the absence of an 
international agreement. With the U.S. decision not to 
sign the LOS Convention, however, the act is now viewed by 
the administration as the basis for establishing mining 
activities on the deep seabed.
Close examination of the act however, reveals that it 
cannot be applied to exploitation of deposits of 
polymetallic sulfides in its present form. For example, 
the provision of the act which defines deep seabed limits 
the exploitability of this area to a depth of ten meters 
below the subsoil. Section 4(4) defining the deep seabed 
states that:
"deep seabed means the seabed, and the subsoil
thereof to a depth of ten meters, lying seaward 
and outside--
(A) the Continental Shelf of any nation; and
(B) any area of national resource jurisdiction
of any foreign nation, if such area extends beyond 
the Continental Shelf of such nation and such 
jurisdiction is recognized by the United States;".
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As stated earlier however, some deposits of polymetallic 
sulfides may extend well below a depth of ten meters below 
the surface of the seabed (Malahoff, 1982).
Also, the definition of hard mineral resource in section 
4(6) is limited by its reference to nodules. This section 
states:
"hard mineral resource means any deposit or 
accretion on, or just below, the surface of 
the deep seabed of nodules which include one 
or more minerals, at least one of which 
contains manganese, nickel, cobalt, or copper;".
Deposits of polymetallic sulfides cannot be characterized 
as nodules. The legislative history is clear in this 
respect. The congressional intent specifically addresses 
"potato-shaped" nodules containing primarily manganese, 
nickel, cobalt and copper (U.S. Government Printing Office, 
1981). Thus, although the policy and subject matter of the 
deep seabed mining statute appear to be directly relevant 
to the mining and location of this particular type of 
mineral deposit, the statute in its present form does not 
apply to deposits of polymetallic sulfides.
From the above discussion of national statutes and 
international agreements, it is obvious that the area 
within the 200-mile exclusive economic zone is continental
39
shelf by definition in the 1982 LOS Convention and the U.S. 
EEZ Proclamation. Beyond the 200-mile EEZ, however, 
differing legal interpretations of the outer continental 
shelf can affect mining activities. This situation 
presents an iss ue that is not easily resolved. The 1982 
LOS Convention provides a choice of several formulae for 
coastal states to establish boundaries for their 
continental shelf. Also, the Convention established a 
Commission on the Limits of the Continental Shelf to review 
and approve limits established by coastal states.
At present(1986), the Board on Ocean Science and Policy of 
the National Academy of Science is investigating the 
definition of the outer continental shelf. The results of 
this Board’s investigation should be available well before 
miners can be ready to harvest potential resource deposits 
of polymetallic sulfides on the deep seabed.
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Structure of Environmental Research
The environmental effects of mining marine sulfides can be 
expected to occur on the seabed, in the water column 
through physical and chemical changes that will affect 
living systems, and at the air-sea interface where much 
biological activity is concentrated. The nature and degree 
of the effects will be dependent on such factors as the 
resident biological communities which may be present at 
prospective mine sites, the topography, properties of the 
target mineral deposits, and the type of mining equipment 
required for the mining operation.
On the outer continental shelf, in waters off our coasts 
and within the 200 nautical mile EEZ, there have been 
numerous federally-supported environmental studies. Most, 
however, have focussed on the environmental effects of 
ocean dumping or oil and gas leasing on resource habitat.
An abundance of environmental data is available from 
studies such as the OCS Environmental Assessment Program 
(OCSEAP) of the Bureau of Land Management (OCSEAP is now 
administered by the Minerals Management Service) which 
supports studies of prospective oil and gas leasing areas.
Results of OCSEAP studies of the air-sea interface are 
applicable to potential mining of marine sulfides, provided 
the mining technology which develops for deposits of 
polymetallic sulfides is similar to that used for oil and 
gas recovery and no at-sea processing takes place. On the
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other hand, environmental data which exist for the seabed 
and water column generally are not applicable to the mining 
of polymetallic sulfides because of the differing 
geological and geophysical properties which exist between 
deposits of hydrocarbons and polymetallic sulfides. For 
example, hydrocarbons are generally found in unconsolidated 
deposits associated with porous sedimentary rock compared 
to the consolidated deposits of polymetallic sulfides that 
precipitate out of solution near centers of seafloor 
spreading. Not only do these properties differ between 
deposits of hydrocarbons and polymetallic sulfides, but 
they will vary for sulfide deposits in their various 
environmental settings. Thus, even though the information 
available from these studies and from limited experience 
with mining activities in the marine environment will be 
useful, information from the OCSEAP does not provide an 
adequate data base from which projections of the 
environmental effects of mining deposits of polymetallic 
sulfides can be made.
The most complete investigation on the environmental 
effects of mining on the deep seabed focussed on manganese 
nodules by NOAA's Deep Ocean Mining Environmental Study 
(DOMES), as previously mentioned. The results of this and 
other related studies have been used to develop preliminary 
assessments of the effects of mining on deposits of 
manganese nodules in areas of greatest industry interest.
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DOMES consisted of two phases. The objectives of the first 
phase were to
1. Establish environmental baselines at sites in
the north Pacific chosen to provide a range of 
environmental parameters to be expected under 
actual mining activities.
2. Develop a first-order predictive capability 
for determining the environmental effects from 
mining.
3. Develop an information base for the establishment 
of environmental guidelines for industry and 
government.
Phase two of DOMES aimed to refine the predictive 
capability established in phase one through the analysis of 
data acquired from the observation and monitoring of pilot 
mine operations.
During phase one of DOMES, the broad environmental 
conditions in the manganese nodule province of the Pacific 
Ocean (i.e., the Clarion-Clipperton zone) were determined 
to provide a baseline against which perturbations from 
mining activities could be compared. Investigations 
included measurements of currents in the upper layers of 
water, light penetration, plant pigments, primary 
productivity, and species composition and abundance of 
zooplankton and nekton. Measurements of temperature,
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benthic animal populations, properties of sediments and 
pore water, currents in the benthic boundary layer, and the 
seasonal and spatial variability of chemical and biological 
parameters at various depth zones. Results of phase one of 
DOMES have been summarized by Ozturgut et al. (1980) and 
Ohman et al. (1979). Table 5 provides a summary of the 
initial concerns associated with mining the deep seabed and 
potential effects of mining on the biota based on the 
results of DOMES.
In phase two of DOMES, two pilot mining tests were 
monitored. Each test involved the recovery of hundreds of 
metric tons of manganese nodules recovered from water 
depths of 4,000 to 5,000 meters. During these tests, the 
volume of discharge, concentration of particulates, and 
temperature were measured from each mining vessel, studies 
were conducted on the surface and benthic plumes, and 
assessments of biological effects were made. Burns et al. 
(1980) and Ozturgut et al. (1981) reported the results of 
each of these tests. Each report indicated that, although 
the results were based on small-scale mining tests over a 
short period of time, there will be few short-term 
environmental effects from mining the deep seabed. The 
DOMES study did not address the potential long-term effects 
from mining manganese nodules on the deep seabed. Despite 
the focus of DOMES on deep seabed mining, information from 
this study remains inadequate to assess the environmental 
effects for mining deposits of manganese nodules and 
polymetallic sulfides.
TABLE 5
Initial
Condition
Physico-chemical
Effects
Potential Biological 
Effects
Collector Scour and compact 
sediments.
Destroy benthic fauna 
in and near collector.
Light and sound. Attraction to new food 
supply. Possible 
temporary blindness.
Benthic Plume Increased sedimenta­
tion rate and 
suspended matter.
Effect on benthos-
Covering of food 
supply.
Clogging of respira­
tory surfaces on 
filter feeders.
Blanketing.
Increased food supply 
for benthos.
Increase in nutrients Trace metal uptake by
and trace metals. zooplankton.
Lower dissolved 
oxygen for organisms 
to use. Mortality 
from anaerobic 
conditions.
Potential short-term effects of deep ocean mining on the marine 
environment.
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Environmental legislation which may affect sulfide mining 
activities on the deep seabed includes the National 
Environmental Policy Act of 1969, the Marine Mammal 
Protection Act of 1972, the Marine Sanctuaries Act of 
1972,the Endangered Species Act of 1973, and the the Clean 
Water Act of 1977.
Under the National Environmental Policy Act (NEPA), an 
environmental impact statement must be prepared by any 
federal agency which may have "a significant impact on the 
human environment." Because mining deposits of 
polymetallic sulfides would have such an impact, permits 
for mining these minerals would be subject to the NEPA 
review. Before a federal permit could be issued, the 
following must take place:
1. Description of the environmental impact of the 
mining activity.
2. Evaluation of any adverse environmental effects 
which can not be avoided should the mining take 
place.
3. Determination of alternatives to the mining 
activity.
4. Assessment of the relationship between local, 
short-term mining and the maintenance of 
long-term mining activity.
5. Determination of any irreversible or 
irretrievable effects of mining activity on 
biological communities associated with vents.
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Although the Minerals Management Service conducted such a 
study for the hydrothermal vent environments associated 
with the Gorda Ridge (U.S.Dept, of Interior, 1983), this 
investigation was inadequate and concluded that much more 
research is required prior to the preparation of an 
environmental impact statement which can satisfy items 1 
through 5 stated above. Also, the study highlighted the 
specific requirement for further investigation of the 
biological communities associated with hydrothermal vents. 
Because of the low diversity of the community assemblages 
and the variety of new species which exist at the vent 
sites, mining activity (without adequate knowledge of the 
biota and ecological processes governing these communities) 
may endanger or destroy some of the species.
Several legislative measures exist with which the 
biological communities can be protected. One of these 
measures is the Endangered Species Act of 1973.
The Endangered Species Act provides a means for the 
conservation of endangered or threatened species, and 
protection of the ecosystems on which these species may 
depend for survival. The act has two primary means for 
conserving and protecting organisms. One is the regulation 
of the sale, transportation, or importation of endangered 
species. The second is to acquire the land or habitat key 
to the survival of a species. In the case of vent
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communities located within the United States' EEZ, the 
latter management measure could provide an effective means 
for protecting these biological communities since the U.S. 
has claimed exclusive economic rights to resources in this 
zone. Although none of the vent species has been 
classified as threatened or endangered, this legislative 
authority looms as a potential control for the regulation 
of future mining activities if research bears out the 
fragile balance which permits biological communities to 
exist at hydrothermal vent systems.
The Marine Sanctuaries Act of 1972 provides legislative 
authority to preserve or restore ocean areas for their 
"conservation, recreational, ecological, or esthetic 
values." To date, sanctuaries have been designated to 
preserve a variety of marine environments such as the coral 
reef and the kelp-bed biome. Such designations have 
provided scientists with pristine, in situ laboratories 
protected from man-induced changes. A similar designation 
could be made to preserve biological communities at vent 
sites within U.S. waters for scientific study.
To a lesser extent, the Marine Mammal Protection Act of 
1972 provides a means in which biological communities can 
be protected from the effects of mining. In this case, 
transitory rather than resident biological populations 
provide the cause for concern. The environmental danger to
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marine mammals is not so much from the physical mining of 
sulfide deposits on the seafloor, but from whatever method 
will be employed to carry minerals from the seafloor to the 
surface, and the potential environmental effects of 
tailings. The occurrence of marine mammals in waters above 
vents has not been investigated and therefore the degree to 
which this may be a problem is unknown. However, if future 
mining activities result in the "taking" of a marine 
mammal, civil and criminal penalties could be assessed for 
violation of this act.
Future mining activities also must consider the effects of 
discharges into the marine environment. Discharges are 
managed under the Federal Water Pollution Control Act, or 
Clean Water Act. Under this statute, the discharge of 
pollutants from a point source in waters of the U.S. is an 
activity governed by permit. In the case of marine mining 
and processing, a permit is required for discharges from 
the mining vessel, the mineral recovery equipment, the at 
sea disposal of pollutants from an outfall, and for the 
disposal of wastes produced from processing at sea. Under 
the provisions of the Clean Water Act, the Environmental 
Protection Agency is required to ensure that discharges 
will not cause unreasonable degredation of the marine 
environment.
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As defined in the act, unreasonable degredation of the 
marine environment means:
1. Significant adverse changes in ecosystem 
diversity, productivity, and stability of 
the biological community within the area of 
discharge surrounding biological communities;
2. Threat to human health through direct exposure 
to pollutants or through consumption of exposed 
aquatic organisms; or
3. Loss of aesthetic, recreational, scientific, or 
economic value which is unreasonable in relation 
to the benefit derived from the discharge.
The third guideline above presents future miners with 
perhaps one of the toughest environmental criterion to meet 
when one considers the enormous scientific value of 
hydrothermal vent systems.
There appear to be adequate environmental safeguards 
available through the legislation discussed above.
However, much remains unknown about the ecosystems 
associated with hydrothermal vents. Before government and 
industry can begin to contemplate mining deposits of 
polymetallic sulfides, a research strategy must be 
developed to obtain baseline environmental information 
against which perturbations of the marine environment can 
be measured.
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To date, the structure for several research plans have been 
proposed to investigate hydrothermal systems. Broadus and 
Bowen (1984) have designed a research plan which focuses on 
a mix of basic science and economic research and 
development. Research emphasis is placed on the deposits 
of polymetallic sulfides and neglects to include studies on 
communities of vent animals. Also, they do not identify 
specifically the institutional roles for the conduct of the 
research. Figure 5 illustrates their research plan. They 
arrange the research on polymetallic sulfides into three 
categories: basic science, scientific R&D, and commercial 
R&D. According to the authors, scientific R&D could 
provide results useful for commercial development 
efforts.
Another plan is that of Duane (1982) which calls for the 
participation of the academic and private sectors, with 
government providing a coordinating role. Unlike that of 
Broadus and Bowen, Duane's plan outlines the research which 
will be required on the biological communities in support 
of an environmental impact study, as required by NEPA. 
Duane's research plan, as it applies to vent communities, 
is largely being supported by the National Science 
Foundation (NSF) today. NSF support for vent research 
amounts to about $1 million for fiscal year 1986. These 
funds are used to support basic research on the geology, 
geochemistry, biology, biochemistry and ecology of vent 
systems.
FIGURE 5
SCIENCE R&D
BASIC SCIENCE
Magma chamber features 
Dynamics of the chamber in 
time and space
Role in the Earth's chemical 
dynamics 
Role in Earth's thermal 
dynamics 
Implications for plate tectonic 
theory
Scientific
R&D
Commercial
R&D
Basic
Science
SCIENTIFIC R&D COMMERCIAL
Geographic and size distribution 
Relation of spreading rate to 
physical properties of deposits
Characterization of 'typical" MPS 
deposit
Erosion and weathering processes
Preservational factors
Deposit depth and nature of 
stockworks 
Duration of active venting 
Unique magnetic properties 
Plume chemistry and behavior 
Natural history of deposits 
Similarities and potential analogues 
to undiscovered onshore 
deposits
Grade of the 'ore'
Physical characteristics of tbe 
'ore'
• compressive strength
• density
• grain size 
Close-space drilling of
commercial prospects 
Exploration techniques
Development of recovery 
technology 
Market forecasts
Legal and regulatory factors
Proposed structure for future research on hydrothermal vent 
systems and deposits of polymetallic sulfides.
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With respect to geology and geophysics, Duane's plan has 
been refined by the National Oceanic and Atmospheric 
Administration to focus on the effects of hydrothermal 
venting on the marine environment (Hammond, 1985). More 
specifically, NOAA investigators are examining the 
composition and flux of venting materials, and studying the 
biogeochemical and physical processes that occur as these 
materials are mixed and dispersed by ocean currents.
NOAA's budget for vent research during 1986 will exceed 
$3 million.
In contrast to NOAA's focus on vent processes and the 
effects of hydrothermal activity on the marine environment, 
studies by the U.S. Geological Survey (USGS) center on the 
geologic framework and evolution of vent systems. In 
fiscal year 1986, this agency will spend close to $1 
million on activities related primarily to the 
determination of the mechanisms and factors controlling the 
location of sulfide deposits and their variability in space 
and time. NOAA and USGS support each other's programs 
through a formal memorandum of understanding and letters of 
agreement. As a result, a coordinated, national program 
exists within government which addresses the geological, 
geophysical and geochemical aspects of hydrothermal vent 
systems.
Duane's research plan, more comprehensive than that of 
Broadus and Bowen, will provide the information necessary 
to prepare an adequate environmental impact study. One
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issue not addressed by either author, however, is the 
problem of conducting research in a hostile environment.
Research Technology
Many of the research areas described in this paper depend 
in large part on having the proper tools to conduct 
investigations on the deep seabed in an environment devoid 
of light, under extreme pressure, and of low temperature. 
Submersibles and remotely operated vehicles (ROVs), have 
provided scientists with the opportunity to observe, 
record, manipulate, and sample in this environment.
Because in situ observation and sampling are essential to 
the investigation of hydrothermal vent systems and 
associated sulfide deposits, the use of undersea vehicles 
has increased markedly since the discovery of these deep 
seabed features in 1977. Use of the ALVIN, one of the 
only deepsea research vehicles available to the U.S. 
scientific community today, has grown to the point where it 
has become oversubscribed. Competition for use of this 
vehicle is extremely high with the result being that many 
excellent research programs can not be supported. In 
response to this heightened demand for deepsea 
vehicles, NOAA has purchased a submersible which is capable 
of diving to 2000 meters. With this depth capability, more 
scientists will have access to manifestations of
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hydrothermal mineralization along parts of the Gorda-Juan 
de Fuca Ridge system, as well as some volcanic seamounts, 
thus ensuring some of the competition for dive time.
Still, one additional submersible can not begin to meet the 
scientific demand for conducting research in the deepsea. 
Also, it is impractical to rely solely on the availability 
of one or two submersibles to support long-term research 
and monitoring programs on vent systems--the next steps in 
vent research for NOAA. What is necessary is the 
capability to reach the vent sites of the deep seabed with 
assured, repeated access over time. NOAA plans to direct 
its efforts to obtain the capability to establish long­
term, ocean-bottom, monitoring stations at active vent 
sites (Delaney et al., in press). These efforts involve 
not only the identification of which measurements need to 
be made, but, in some instances, the design of instruments 
to obtain the measurements. ROVs are likely candidates to 
support scientific studies which can not be accomodated by 
manned submersibles.
Unmanned vehicles offer several advantages over manned 
submersibles. First, they are less expensive to purchase 
and operate. Second, some are capable of being operated 
from ships of opportunity and do not require dedicated 
support vessels as do most submersibles. Nor are they 
limited geographically to an Atlantic or Pacific operation 
schedule as is the ALVIN in any given year. Also,
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technological advancement in fields such as fiber optics 
and communications are providing scientists with better 
methods of gathering information and taking samples. With 
the larger payloads now available with some ROV systems, 
these developments can be more easily adapted to unmanned 
systems than they can manned submersibles which must 
dedicate a large part of their payload to life support 
systems.
Although manned submersibles have and will continue to be a 
research tool that will help the scientific community 
better understand the oceans, there appears to be an 
evolving role for ROVs. This role should not be viewed as 
replacing man-in-the-sea activities. Rather, the use of 
ROVs is complementary to placing man safely underwater to 
conduct research, and to target areas of study for detailed 
examination with manned submersibles.
CONCLUSIONS
National Statutes and International Agreements 
It makes little sense to divide national jurisdiction over 
polymetallic sulfides on the basis of location--whether on 
or off the continental shelf, and less than or more than 
200 nautical miles from the U.S. coastline. Because 
national mineral resource policy, terrestrial and marine, 
resides within the Department of Interior, the preferred 
federal focus is within this agency. NOAA's lone 
responsibility for manganese nodules on the deep seabed 
should be transferred to the Department of the Interior. 
This is not to suggest that the Deep Seabed Hard Mineral 
Resources Act be subsumed under the OCS Lands Act. Nor 
does it imply that NOAA's role in research be eliminated 
with respect to the potential environmental effects of 
mining and vent processes. Rather, the deep seabed mining 
act should be amended to include deposits of polymetallic 
sulfides. Several minor technical changes (specified 
below) will provide the proper legislative and 
administrative responsibility for the orderly evolution of 
a legal regime for deposits of polymetallic sulfides. A 
comprehensive deep seabed mining law can address deep
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seabed deposits located in the international seabed area as 
well as within the U.S. exclusive economic zone.
Recommended changes to the act are related to definitions 
limiting the scope of the statute to manganese nodules and 
those provisions concerning elements of an LOS Convention 
which would supercede parts of the Deep Seabed Hard Mineral 
Resources Act. Elements of the act related to the Law of 
the Sea Convention are contrary to the U.S. position that 
deep seabed mining is a freedom of the high seas.
The recommended amendments to the Deep Seabed Hard Mineral 
Resources Act (30 USC 1401) follow. Note that deletions
are indicated by overstrikes (---- ) and that additions are
enclosed by brackets [ ].
Delete section 2(a) 7-10 and 13 as follows;
(7) on December17, 1970, the United Statessupported 
by affirmative vote the United Nations General
Assembly Resolution 2749 (XXV) declaring inter alia the 
principal that the mineral resources of the deep seabed are 
the common heritage of mankind, with the expectation that 
this principle would be legally defined under the terms o-f 
■a- comprehensive international Law of the Sea Treaty yet to 
be agreed upon;
(8) irt is in the national interest of the United States 
and-other nations to encourage a widely acceptable Law of 
the Sea Treaty, which will provide a new legal order for
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theoceans covering a broad range of ocean interests, 
including exploration for and commercial recovery of hard 
mineral resources of the deep seabed;
(9) -the—negotiations to conclude such a Treaty and 
establishthe international regime governing the exercise 
of rights over, and exploration of, the resources of the 
deep- seabed, referred to in General Assembly Resolution 
2V49 (XXV) are in progress but may not be concluded in the 
near- fut ere ;
(10) even if such negotiations are completed promptly, 
much time will elapse before such an international regime 
-is established and in operation-;
(13) pending a Law of the Sea Treaty, and in the absence 
o f •agreement among states on applicable principles of 
•international law, the uncertainty among potential 
i n v e s t o r s  as to the future legal regime is likely to 
discourage or prevent the investments necessary to develop 
deep seabed mining technology;
Amend section 2(a) 15 to read:
(16) legislation is required to establish an interim [a] 
legal regime under which technology can be developed and 
the exploration and recovery of the hard mineral resources 
of the deep seabed can take place until such time as a Law 
of the Sea Treaty enters into force with respect to the 
United- -States.
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Delete section 2(b) 1-2 as follows:
■ecm-p-r-Ghen-s-i-ve-ia-w-of— the— S-ea—Treaty-— whi-eh—w-i 1-1— give -legal 
d e f  i — t h e  p i r Hrffniii-p 1 o t h a t  'iihQ hRr^il mAn e r Q l ...
which wi 1-1— assure v— among— at her- thing s >— nondi s g r i m-in ato-ry 
aoee&s— to— s u oh re source s— for- all nations-;
( 2 ) pending— the -rati fi-oa-f ion—byy— and—ontaring—into-f orce
-■‘t o
V^ TlU.’ © —
sharing fend—the pro coeds of wh-i c h -sha-11 bo—used- for
—to— sudi
Amend section 2(b) 3 as follows:
(3) to establish, pending ratification by, and entering 
into force with respect to, the United States of such a 
Treaty, an- interim- [a] program to regulate the exploration 
for and commercial recovery of hard mineral resources of 
the deep seabed by United States citizens;
Amend section 3(b) 1 to read as follows:
(1) The Secretary of State is encouraged to negotiate
successfully -a—comprehensive Law of t he— Sea— T-reaty [an
international agreement] which, among other things, 
provides assured and nondiscriminatory access to the hard 
mineral resources of the deep seabed for all nations, gives 
1-ega-l— d e f-ieitien—t o - the- p r-i not pie- that- the h a-rdmineral
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resources of the deep seabed are the common heritage o-f 
mankind, and provides for the establishment of requirements 
for the protection of the quality of the environment as 
stringent as those promulgated pursuant to this act.
Amend section 3(b) as follows:
(2) Until such a Treaty is concluded, The Secretary of 
State is encouraged to promote any international actions 
necessary to adequately protect the environment from 
adverse impacts which may result from any exploration for 
and commercial recovery of hard mineral resources of the 
deep seabed carried out by persons not subject to this 
act.
Amend section 4(4) to read as follows:
(4) "deep seabed" means the seabed and the subsoil 
thereof to—e—depth-of--ten- meters, lying seaward and 
outside--
(A) the Continental Shelf of any nation; and
(B) any area of national resource jurisdiction of any 
foreign nation, if such area extends beyond the 
Continental Shelf of such nation and such 
jurisdiction is recognized by the United States;
Amend section 4(6) to read as follows;
(6) "hard mineral resource" means any deposit or 
accretion on, or just below, the surface of the deep seabed* 
of—nodules which include one or more minerals, at least one 
af which contains manganese, nickel, cobalt, or copper;
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Amend section 4(7) to read as follows:
(7) "international agreement" means a-comprehensive 
agreement concluded through negotiations at the Third 
United Nations Conference on the Law of the Sea [any treaty 
to which the United States becomes party], relating to, 
(among other matters) the exploration for and commercial 
recovery of hard mineral resources and the establishment of 
an international regime for the regulation thereof;
Amend section 201(3) to read as follows:
(3) that this Act should be transitional pending--
(A) the adoption of an international agreement at 
the Third United Nations Conference on the Law 
of the Sea, and the entering into force of such 
agreement, or portions thereof, with respect to 
the United States, or
(B) ifsuch adoption is not forthcoming, the 
negotiation of a multilateral or other treaty 
concerning the deep seabed, and the entering 
into force of such treaty with respect to the 
United States.
Amend section 4496(b) to read as follows:
(b) Hard Mineral Resource— For purposes of this 
subchapter, the term hard mineral resource means any 
deposit or accretion on, or jus-t below, the surface of the 
deep seabed*-ef nodules which contain one or more minerals, 
-at least one of which is manganese, nickel, cobalt, or 
■ eopper.
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Amend section 4496(c) to read as follows:
(c) Deep Seabed-- For purposes of this subchapter, the 
term deep seabed means the seabed, and the subsoil thereof 
t o a  depth of ten meters, lying seaward of and outside--
(1) the Continental Shelf of any nation; and
(2) any area of national resource jurisdiction of 
any foreign nation, if such area extends beyond 
the Continental Shelf of such nation and such 
jurisdiction is recognized by the United States.
Amend section 4498(b) to read as follows:
(b) International Deep Seabed Treaty--For purposes of 
subsection (a), the term international seabed treaty means 
any treaty which—
(1) i-s- adopted by a United Nations Conference on the 
L a w o f  the Sea [to which the United States 
becomes party], and
(2) requires contributions to an international fund 
for the sharing- of revenues from deep seabed 
mining*.
These changes would remove limitations of the present act 
with respect to the type of minerals which can be mined on 
the deep seabed, and the constraints associated with 
clauses concerning the interim nature of the act or those 
sections which would be superceded by a Law of the Sea 
Treaty.
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Amendment of the existing legislation on deep seabed mining 
is favored over the enactment of new legislation. To 
introduce new legislation on seabed mining will involve a 
host of congressional committees, each motivated by their 
own special interest and a desire to increase their 
legislative authority. Thus, this process does not 
guarantee that a bill on deep seabed mining will resolve 
the mining issues concerning jurisdiction and definition 
of the resource. In fact, it may provide a means for 
special interest groups to address activities unrelated to 
mining the deep seabed.
Amendment of existing legislation ensures that one 
authorizing committee in the House of Representatives (the 
Merchant Marine and Fisheries Committee) and one in the 
Senate (the Commerce Committee) will control the mark-up or 
amendment of the existing law. Although a bill to amend 
legislation may be referred to committees other than the 
authorizing committee for concurrent or subsequent mark-up, 
the ultimate authority to pass bills to the floor for vote 
resides with the authorizing committee. This procedure 
eliminates intercommittee struggles for jurisdiction over a 
bill and ensures that any differences between the House and 
Senate versions will be addressed only by the respective 
authorizing committees of the two chambers.
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Structure of the Environmental Research
Presently, many of the effects of deep seabed mining on 
the marine environment are unknown. Past environmental 
studies on prospective seabed mining sites had shortcomings 
which prevent the results from being applied to 
environmental settings where deposits of polymetallic 
sulfides are found.
Future environmental research must provide information upon 
which an environmental impact statement can be prepared, as 
mandated by the National Environmental Policy Act. A 
carefully organized plan of research to address 
environmental concerns related to mining the deep seabed is 
the responsibility of the federal government. Based on 
past experience with the administration of the OCSEAP 
program, and the rationale for delegating all federal 
responsibility for marine mining to a single agency (as 
stated in the preceding recommendation), the Department of 
the Interior is the recommended agency for the coordination 
of a research program to assess the potential effects of 
mining deposits of polymetallic sulfides on the marine 
environment.
The research program should be structured to draw upon the 
existing research strengths of the respective federal and 
academic institutions which have been investigating
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hydrothermal vent systems. The role and responsibility of 
these organizations should be as follows:
U.S. Geological Survey
Conduct and support of research on the physical properties 
of polymetallic sulfide deposits including:
1. Geography.
2. Distribution, size, composition, and magnetic 
properties of the deposits.
3. Duration of venting.
4. Stockwork assessment.
5. Relation of deposits to spreading centers.
6. Structural, tectonic, and geochemical characteristics 
of mineral-laden provinces.
7. Mechanism, rate, and sequence of the precipitation 
and solution of minerals.
8. Relation of deposits of polymetallic sulfides at 
vent sites to analogous deposits of minerals on land.
Also, USGS responsibility includes the preparation of 
geologic maps of vent sites and sulfide deposits.
Minerals Management Service
Assess the legal and regulatory regime required for access 
to vent sites and the regulation of property rights. This 
role is an extension of similar responsibilities the MMS 
has for leasing oil and gas deposits.
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National Oceanic and Atmospheric Administration 
Review the regulatory and leasing activities proposed by 
the Minerals Management Service as they apply to areas of 
NOAA responsibility. These include the potential effects 
of deep seabed, mining activities on endangered species and 
marine mammals. Also, NOAA will continue to conduct and 
support research to assess the environmental consequences 
of the introduction of materials into the ocean. NOAA 
responsibility also includes the preparation of detailed 
bathymetric maps of vent sites.
National Science Foundation
Support basic research on hydrothermal vent systems and the 
relation of these to the formation of crustal material.
More specifically, these research topics include:
1. Role of hydrothermal vents on the chemical and 
thermal dynamics of the ocean.
2. Relation of vent systems to plate tectonics.
3. Geology and geochemistry of vent systems.
4. Biochemistry and physiology of vent organisms.
5. Ecology of vent ecosystems.
6. Natural history of vents.
7. Preparation of maps.
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Private Industry
Assess the resource value of prospective mine sites.
This responsibility includes:
1. Determination of the mineralogy, grade, and volume 
of prospective ore deposits.
2. Evaluation of the metallurgical properties of the 
prospective ore deposits.
3. Development of exploration and mining technology.
4. Forecast of mineral market conditions.
Research responsibilities outlined above must be 
coordinated to avoid duplication of effort and to obtain 
the highest degree of research productivity by sharing 
available resources and data. A panel of representatives 
from each of the institutions named above is the method of 
choice. Panel chairmanship should reside with the 
Department of the Interior because of its (recommended) 
regulatory role and responsibility for oversight on the 
environmental research.
68
Research Technology
In order to meet the increasing scientific demand to 
conduct research in the deep sea, scientists must begin to 
consider the use of remotely operated vehicles (ROVs). The 
relative advantages of ROVs can provide an alternate means 
for scientists to gather data from the deepsea without the 
logistical, time, and payload constraints associated with 
manned submersibles. Presently, this research capability 
is growing in NOAA and should be explored by the research 
community interested in conducting science in areas of the 
deep seabed.
Summary of Conclusions
1. Federal responsibility for mining in the marine 
environment should reside with a single agency--the 
Department of the Interior.
2. Transfer NOAA's responsibility for the regulation of 
the mining of manganese nodules on the deep seabed to 
the Department of the Interior.
3. Amend the Deep Seabed Hard Mineral Resources Act to 
include all minerals on the deep seabed regardless of 
whether they are within or beyond the U.S. exclusive 
economic zone.
4. Design an environmental research program which provides 
information to assess the potential effects of mining 
activities on the deep seabed. This program should 
draw upon the existing research programs of the USGS, 
MMS, NOAA, and NSF.
5. Coordinate environmental research by means of a panel 
composed of representatives from each of the 
organizations named in (4). Panel chairmanship 
should reside with the Department of the Interior.
6. Explore alternate means, such as remotely operated 
vehicles, to meet the increasing scientific demand 
to gain access to the deep seabed.
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